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Introduction of presenter

e Tsutomu Fukuda (f& H 3%)

Designated assistant professor in Nagoya University

Fundamental particle physics laboratory (F-lab)

Ph.D : Neutrino event detection in OPERA
(Nagoya Univ., Mar. 2010)

* Research
- OPERA experiment (2003 ~)
- NINJA experiment (2014 ~)
- Development of emulsion technology



Introduction of presenter
« My activity for particle physics from 2003.
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1896 (A.H.Becquerel )
Discovery of Radioactivity

1947 (C.Powell et al.)
Discovery of n YQ
1971 (K.Niu et al.)
Discovery of charm particle
In cosmic-ray
1986 (K.Niwa et al., E531)
*Indirect observation of v_
2001 (K.Niwa et al., DONUT)
Direct observation of v_

2015 (K.Niwa et al., OPERA)
Discovery of v_appearance

History of our emulsion laboratory

akata and His Group
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Cosmic Ray Events

1971 Niu et al.
Evidence for the 4t element?
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* see A.Blondel, arXiv:1812.11362v2,
G. Feldman'’s slide@Rencontres du Vietham 2019
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What is Nuclear Emulsion ?
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3D tracking detector with submicron position accuracy
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Photographic Film technology F

* Nuclear Emulsion is a special photographic film.
« Signal is amplified by chemical process.

Resolution of 0.3 ym -

50 micron

..

-
Recorded as silver grains
along the particle passing through line

Merit Image detection

Film camera High Sliver halide (Photochemical reaction)
resolution

Digital camera | Real time | CCD, CMOS (Photoelectric conversion)
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Nuclear Emulsion Detector
—— Polymer (C, (N,0)) Agre = Ag, -t T A
Charged Particle Silver halide crystal

s ‘ (AgBr)
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lonized electrons concentrated on
Developm@eatment the electron trap to form the latent
image specks in a crystal
ﬁ Silver grains
(size : several

10 NM ~ 1 um)
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Nuclear Emulsion Detector

—— Polymer (C, (N,0)) Emulsion film
Charged Particle Silver halide crystal k3

N ‘ (AgBr)
et e 008
o L
o> C¢o
0% ® %

Developm@eatment

ﬁ Silver grains
(size : several




Nuclear Emulsion Detector 12

— Polymer (C, (N,0)) Nuclear spallation reaction by heavy ion

Charged Particle Silver halide crystal
> /0 oo
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Developmept freatment 100 UM
Spatial resolution

- silver halide crystal size
- number density of silver halide crystal

ﬁ Silver grains
(size : several ___
10 NM ~ 1 um) Sen5|t|v.|ty
- Chemical treatment

- Crystal defect and doping etc.
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Productlon of emulsmn gel

~* Injection speed
Chemical reaction | Mixing speed

AgNO;+NaBr ';'_"_"_"_"..1. Temperature

AgBr | +NaNO; DD v

Chemical process | Crystal shape J (_Stabiit
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Production of emulsmn gel

Nuclear emulsion gel is m

500 nm Electronic microscope image Size contro
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Emulsion film production in the lab |

Pouring: Temp.20°C, R H. 80-00%f| Drying: m Sasos
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( Gel melting ] % Pouring ] ( Drying )

Currently an automatic pouring and drying system is developed.



Emulsion Cloud Chamber (ECC)

basic detector: AgBr crystal,
size = 0.2 micron
detection eff.= 0.16/crystal

1013 “detectors” per film

Emulsion Layer (44 microns

Plastic Base (205 microns)

Emulsion film

a DONuT

Flight Length:280um

Emulsion Layer '

Emulsior plasiis base 44-70um emulsion gel were coated
DONUT : Iron 1mm on both sides of the ~200um-thick
OPERA : Lead 1mm plastic base.

NINJA : Iron 0.5mm, Water 2.3mm

Sandwich structure of emulsion films and target material.



Automatic track recognition

3 CMOS Camera

emulsion layver—
14 pem

16 tomographic images £ om0

emulsion layer—

14 nm The image superimposed
16 images from microscop

B |

binarization expansion

coincidence

High enexgy tracks tan 0 =D/L

Result of track recognition



Hyper TraCk Sele -.’_‘_ ‘ ‘ Camera:

= Twwe | -—- » ~-~ : - . - - ‘ﬂ’ . ‘, . : ZMP 72 Sensors
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Image processing:
72 GPUs in 36 PCs

10004
1008

Speed in cm’/h

NTS uTs SUTS HTS HTS I
1994 1998 2006- 2015~ 2020

DONUT OPERA working developing ‘




NINJA: Feasibility study: 2kg Iron target ECC

Reconstructed track data
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NINJA: Feasibility study: 2kg Iron target ECC 20
12-3tm
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NINJA: Feasibility study: 2kg Iron target ECC
1L

A 4
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Momentum measurement

p 3 measurement by the MCS method

v"‘_

_13.6 (MeVic)| X | X ‘

1+0.038 In ——

O . YD ‘ Xu_,___,

Multiple Coulomb Scattering
- momentum measurement J : MC study by GEANT4
i R [ S B

150% — 3 [GeV/c] With 0.5mm Fe

N 140% %
% 130% E il () 1GeV/c
S 120% a e | 25V C
Zy 110% N et e
O o ™ 0.5GeVic
cs '1 OU Yo N — !
- 90% e | GEV
% 80% e (5
E 70% AGeV e
o) eo% 50%
RS S 50% & i
Bl o gog ey >
- - (o} 30% 0.1 ™
7 N 0%
\ S~ T 10%

0% Effect from track stopping:

] 5 10 15 20 25 30 35 40 B
Number of plates using momentum measurement
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Proton identification

dE/dx measurement by track blackness

dE/dX

-
»

S e -
——— -
- —-

Proton (0.40 GeV/c) —_24m

4 4.5 5
pB [GeV/c]

Blackness of Track

Entries 8875

30-100|v|eV/{:

B 0 0T Y o T R S R SR
dE/dX [Me ) dE/dX [MeV/(giom?)] dE/dX [Me

Enlries 29435 Entries 29210

400-500Mev/e I 500-600MeVic

2 T T e e 0 2 T e e
dE/dX [MeV/(gler®)] dE/dX [MeVi(glan

More emulsion films, better separation



Nuclear Emulsion Detector

3D reconstruction

| |I|
Reconstruction of track data | l Scalab ty —
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Proton (CCQE)

Proton (2p2h)
High momentum

= Proton (2p22h)
Low momentum
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v . CC event in ()PERA
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Table 34.9: Properties of detectors for accelerator-based neutrino beams.

Detector list of

Name Type Target Mass* (t) Location (Ep)(GeV) Dates
acce I erator- b ase d Lederman et al.  Spark Al 10 BNL 0.2-2 1962
CERN-spark  Spark Al 20 CERN 1.5 1064
neUtri no experi ment Serpukhov Spark Al 20 IHEP 4 1977
Aachen-Padova  Spark Al 30 CERN 1.5 1976-77
Gargamelle Bubble Freon 6 CERN 1.5.20 19721977
BEBC  Bubble H,D,Ne-H 249 CERN 50,150 & 20 1077-84
) SKAT  Bubble Freon 8 HEP 4 1077-1087
W PDG » ANL-12ft  Bubble H,D 1-2 ANL 0.5 1970
A BNL-7ft  Bubble H,D 0.4-0.9 BNL 1.3.,3 1976-82
particle data group Fermilab-15ft  Bubble D,Ne 1-20 FNAL 50,1804:25,100 1974-92
CITF Iron Fe 92 FNAL 50,180 1977-83
CDHS Iron Fe 750 CERN 50,150 1977-83
MINOS Iron Fe 980,5.4k FNAL 4-15 2005-2016
INGRID Iron Fe 99 J-PARC 0.7-3 2009
Super-Kamiokande Cherenkov Ha( 22 500 Kamioka (0.6 1986~
K2K-1kt Cherenkov Ha0 25 KEK 0.8 10982004
MiniBooNE  Cherenkov CHs 440 FNAL 0.6 2002-12
HWPF Scintillation CHs ) FNAL 9 2014
LSND Scintillation CHs 130 LANL 0.06 109398
NOvA Scintillation CH» 300,14k FNAL/Ash River 9 2013~
SciBar Scintillation CH 12 KEK /FNAL 0.8,0.6  2004,2007-8
ICARUS LArTPC Ar 760 LNGS 20 2006-12
Argoneut  LArTPC Ar 0.025 FNAL 3 2009-10
MicroBooNE ~ LArTPC Ar 170 FNAL 0.8 2014
FNAL-E-531 Emulsion Ag, Br 0.000 FNAL %5 1084
CHORUS  Emulsion Ag, Br 1.6 CERN 20 1005
DONuT  Emulsion Fe 0.26 FNAL 100 1007
OPERA  Emulsion Pb 1.3k LNGS 20 2006-12
Emulsion Fe 0.001 J-PARC 0.6 2016
detector, with L 3UU t of emulsion, to make the first direct observation of the appearaiice CERN 20 17T
of vr in a v, beam. Recently, the NINJA collaboration has developed an emulsion cloud CBE,?LN 12 D3 ﬁ?
chamber detector to observe neutrinos in the J-PARC neutrino beam [227]. BNL 3 1090
227. T. Fukuda et al., PTEP 2017, no. 6, 063C02 (2017).] ~ "W™AU —myona L 3 CERN 20 1095-08
CCFR  Hybrid Fo 690 FNAL 90,260 1991
. NuTeV  Hybrid Fia 69Q FNAL 70,180 1996-97
ishiour:crossssection’results =
L]
K- H: . ™ I i 2000

* Fiducial.
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NINJA Experiment

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

ND28o floor

On-Axis Monitor
~ (INGRID)
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A'collabgorative projectiwith'some member of: OPERAand 2K

a am Facilty O P E RA T2 K

serimental Facili; Experimental site, Neutrino beam
| y 4

| (Nihon Univ.) (univ. Tokyo)
\, L] L3
. Emulsion development T2K near detector
<5k (Nagoya Univ] (Kyoto UnivJ
| Film prod?.lction‘ Scan T2K ng'ar detector
. § Kamiokande RS = X
<\ < (Toho Univ.] [Yokohama N Unlv.]
., L STl — -
3 GoV Bagid Cyling ~~ Film production, Scan T2K near detector
25 Hz, 1MW) Synchrotron (0.75 MW)

J-PARC = Japan Proton Accelerator Research Complex . Emulsion Shifter Neutrino simulation
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NINJA Collaboration

Nihon University: Y. Hanaoka, T. Kanayama, (* Spokesperson)
K. Kashiwabara, S. Mikado
Nagoya University: T. Fukuda®, H. Kawahara, R. Komatani,
M.Komatsu, M. Komiyama, K. Morishima, M. Naiki,
M. Nakamura, Y. Nakamura, N. Naganawa, N. Nakano,
T. Nakano, A. Nishio, H. Rokujo, O. Sato, K. Sugimura,
L. Suzui, Y. Suzuki, T. Takao, R. Watanabe
Toho University: T. Matsuo, K. Mizuno, Y. Morimoto,
S. Ogawa, H. Oshima, H. Takagi, H. Shibuya
Kobe University: S. Aoki
ICRR, University of Tokyo: Y. Hayato
Yokohama National University: A. Minamino, G. Pintaudi,
Y. Tanihara
Kyoto University: A. Ajmi, A. Hiramoto, A. K. Ichikawa,
T. Kikawa, T. Nakaya, T. Odagawa, K. Yasutome
University of Tokyo: M. Yokoyama
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“NINJA  Physics Motivation

Sub-Multi GeV Neutrino interaction
- Major source of uncertainty in voscillation analysis
v, anomaly from several experiments (sterile v ?)

Need to moere understand the neutrine-nucleus Interaction !

1. Confirmation and cross-section measurement of 2p2h int.
2. Exclusive measurement of v, v,- water cross-sections

L]
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I di
[ ot

NOMAD data with total error

SciBooNE data wiﬂ![preliminarv error

RFG model with M M=1.|}3 GeV, x=1.000
——— RFG model with M{'=1.35 GeV, k=1.007

2p2h interaction ? Effect from Sterile Neutrino ?
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S NINJA 16w energy neutrino interactions

Cross-sections v,-Carbon CCQE like cross-section

@ s o7, 5 T

MiniBooNE data with total error
NOMAD data with total error
SciBooNE data with preliminary error
RFG model with .\lm=l.03 GeV, x=1000
RFG model with M{'=1.35 GeV, x=1.007
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Global Fermi-gas (Smith-Moniz) M,=1.05GeV/c?
Global Fermi-gas (Smith-Moniz) M,=1.21GeV/c?
Global Fermi-gas + RPA(Smith-Moniz)  M,=1.05GeV/c?
Local Fermi-gas + RPA (I. Nieves etal.) M,=1.05GeV/c?
Spectral function (Ankowski, Benhar) M,=1.21GeV/c?

L. Pickering, NuFact2019 M. Dracos, NuFact2019 Y. Hayato, Nulnt2018

w/m? / 0.02 GeV / 200 days
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o(E,)/E, (10380111211u016011_1GeV_l)




<~ NINJA

In cross-section of CCQE-like events, measured value is much larger than
the simple model predictions > new interaction process (2p2h) ?

Multi-nucleon reaction (2th)31

« There is experimental indication of binding nucleon
pair from electron scattering experiment.
- Need to apply in neutrino scattering experiment.

 2p2his judged as CCQE with the detector which can
not detect protons.

CCQE:v,+n—> u~+p

3000
2500
2000 N podshNel 2p2h: 2protons are emitted
1500 . - vy + (n’ p) > U"+p+p

1 Inelastic
1000 : ‘ (RES)

e
L
=
=]
(=]

S
=)
=
=
=
=]
k=

-
&)
o
A
o
2
bt

@

203 04 05 06 07 r].i.[_J 10
E ... = 600 MeV
— Total
CCQE+RPA
== 2p2h A-enhanced
—— 2p2h not-A

500

0

B BN Proton measurement is important 0. 10 1s 20 25
g — Reconstructed energy (GeV)
o (GeV) = (, to more understand
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S NINJA 1 ow energy proton measurement
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. Back-to-back proton event in Liquid Argon
Some general models predict that back-to-back  getector (1ow Etaﬁsﬁcs) S
protons are emitted from binding nucleon pair '

In neutrino event.

Large model dependence.

ArgoNeuT

Proton momentum in CCQE, 2p2h Cross-section of 2p2h in

——— Martini model and Nieves mode
Proton (CCQE) —35
=== Proton (2p2h)
High momentum
== Proton (2p2h)
Low momentum

I
= Aartini et al. v

530 I\Idml.nf et 11.\_

= o Martinietal. V

0
..Q
N

k

Nieves et al. v
o Nievesetal V

2p2h-like enhancement in reconstructed
neutrino energy in <Ev>~3GeV

[Phys.Rev.Lett. 116 (2016) 071802]
Meoutring, 3.33¢20 LE-beam POT, MINERvA Prelimina
0.4 < q /GeV < 0.8
= MC Tatal
— MC QE + RPA
—— MC Delta
—— 2pZh Valencia

cross section [107

neutrino energy [GeV

Emulsion detector can detect low energy protons
for several materials, including water.
> New precision information
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Proton information is also useful to understand
not only 2p2h, but also simple CCQE.




*NINJA = Roadmap ;

Since the end of 2014, we have demonstrated the basic
performance of emulsion detector in test experiments.

Pilot RUN Feasibility study at J-PARC

1 J-PARC T60/T66/T68 experiment

Detector RUN Detector performance check

Target mass: 1- 60kg

3 Physics RUN I

Target mass: 100- 300k
rogress (E71 ° °

Physics RUN II Search for sterile neutrino

Target mass: several tons

Physics run will be started from Nov. 2019.




*NINJA  y exposure of NINJA *

Since the end of 2014, we have demonstrated the basic
performance of emulsion detector in test experiments.

Total Accumulated POT for Physics,
v-Mode Accumulated POQT for Physics
V-Mode Accumulated POT for Physics
v-Mode Beam Power

Y3’y | Emulsion

/shifter
§ Run3 Rund ol g T
3 @18 5 ] Ly
. Feasibility study i & s /
g °HA few kg Iron & water) *: : 5 A
E— 1 B e ‘n & e
3 = AI 3

i

2815 " 2016 42017 " 2018
llaboration) Yeaar

A I ‘M ——
. I,

.
")

Vel :c“?"c+SFT+|NGR|D

/
A.‘lA
\ ¢ 4
f £ -
PR pu— e
|
T

vevent detection ‘=z , =

Hybrid analysis with T2K}§] Water target emulsion detector
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etector Run:

Iron ECC + ES + MRD

Target: Iron~40kg, Beam: 0.4x10%°POT Neutrino mode

Emulsion Shifter
Shifter-MRD

Time coincidence (T ycqpT,

Emulsvon)

[~ Clear matching was performed
[ between Emulsion and INGRID.

4 _/

Ir/on plate

36hours pitch

L

Emulsion film
(_/‘ . 21.5min. pitch

4 1 misec.

Conceptual design

Emulsion Cloud Chamber
Muon Range Detector

H

\~\~ V

Time Stamper7‘
(Scintillation Fiber Tracker/
Emulsion Shiften

ECC- event analysis

MRD—-> muon identification

TS - event connection between
ECC and MRD




<»NINJA Detector Run:

Iron ECC + ES + MRD

Target: Iron~40kg, Beam: 0.4x10%°POT Neutrino mode

The number of protons

Conceptual design

The number of charged pions

- oomﬁo 160 Data v, GCMEG .
X o Eeee | too e Emulsion Cloud Chamber
= [ | |3 140 |l b I
: - 5 p.|ll Muon Range Detector
E @miss PID g\:"ND 106:— %miss FID g"u\“c .
B Bl .

H

\-

liminary Preliminary

| <

TT4TT |

5 = 7
#ofp

8 I 9
rotons

il

5 HGIH?I SI.HQ
# of charged pions

Proton momentum
+|.\.-q|.-q J\',.CUMEU = ﬁ .{.[}H.H . D»-u(;[:m—[:“

Time Stamper7‘
(Scintillation Fiber Tracker/
Emulsion Shiften

[Jv oot v concs [Jv.oooc v, concs

.v" Conrm :| v, GOOOH| 35
woonis v, coon

.\" l\u Rl 30

%mis& ro g\'u NG
¥

l vy m:DFHDvu CCOOH

v coois v ccothe

ECC- event analysis
MRD~-> muon identification

w " :: | - == llll TS > event connection between

0 p(deg) 200 MeV/c Pp(GeV/c) ECC and MRD




NIN] Detector Run:
Sl Water ECC + SFT + MRD

N2 get: Water~4kg, .
/ TLAteutrino mode Conceptual design

Y/ ) :
gLl A Emulsion Cloud Chamber

Time Stamer7‘
Scintillation Fiber Tracke

Emulsion Shifter)

J|ECC—-> event analysis

MRD—-> muon identification

TS - event connection between
ECC and MRD




$*NINJA
v-water interactions
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% NINJA
v-water interactions

emulsion film
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Vacuum packed emulsion filr
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<= N INJA
v-water interactions

Muon angle
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v-water interactions
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# of Proton tracks
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<~ NINJA &
Physics Run (J-PARC E71)

We proposed a new experiment (Physics Run) to study
neutrino-nucleus interactions with large statistics.

X30 statistics
Detector setup @J-PARC B2 floor

Sub-Multi GeV_Neutrino interaction
- Confirmation and cross-section measurement of 2p2h
“EXxclusive cross-section measurement of v and v

\Y energy@ BZ (total 1 Ox1021pot)

cc 0x1proton event

195¢cm 30
BM tracker Height 290 cm

S OEN KT NINJA
FESISOKU]
CHSKE
e 30Ky Total ~10k CC events
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+*NINJA Neutrino detector

N..\

Hybrid with T2K near detectors
Baby MIND is used for muon ID

WAGASCI
Proton Module
Baby MIND
Wall MRD

3 et 1055k
Detector installation: | 7€5450K0
— 2019 Oct. 28th : CnlaTaiY

gl 90

- . 2019/11/7>12/19, 2020/1/14->2/12
Neutrino beam: Total POT: 4.8 x 1020
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NINJA detector

¥ Emulsion Shifter
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Emulsion film preparation

Emulsion film production

o 25cm x 25cm films: ~1300 films
—~ 120 o 34cm x 102cm films : ~ 25 films

ol

£ 1w - sl ~42grains/100pm > 99% tracking eff.
v ., 100% Completed 0

E 60

c © (108 m?)

gé\ a0 40

('j'-j": 20 2018.Dec. 29\ 20

e

O o 2018.Jul. 28 0

TP EPLL LY PSP F P

Emulsion film refresh (erasing noIse tracks)
(Agy + 2H,0 + Oy — 4AgT +40H™)
: temperature

Blue : humidity Refreshed

—— e e = -

0C TR\ -

Humidifying , Drying

0900 12:00 1500 18:00 21:00 00:00 0300 0600 09:00 1200 1500 18:00 21:00 0000 03:00 0600 09:00 12:00
09-19 09-20 6
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Water ECC .

Vacuum packing emulsion film
: 2.3mm \ \ .
in dark room o S Conceptual design

Packing materialf§ __|||

Emulsion Cloud Chamber

i |V
/film i=- Muon Range Detector

\,

p _
t : [ |
_T_ 1Rl | L] \ ! | y

Iron plate iron water '><— |

P

—

Time Stamper7‘
(Scintillation Tracker/
Emulsion Shifter)

ECC- event analysis

MRD—-> muon identification

TS - event connection between
ECC and MRD
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Moving wall Fixed wall Moving wall
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£ 250
20.0
15.0
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0.0

2019/11/3 12:00 2019/11/20 12:00 2019/12/7 12:00

0 e 2 Ol ed el0]=
0 > 402 20
a a 41N0 sl

ECC-ES: 4hour time stamp

]

—Slow (data)

—Fast (data)

2019/12/24 12:00 2020/1/10 12:00 2020/1/27 12:00 2020/2/13 12:00

Conceptual design

Emulsion Cloud Chamber
Muon Range Detector

H

\

| <

)\ L

Y.
Time Stamper/

(Scintillation Tracker/
| Emulsion Shifter)

ECC- event analysis

MRD—-> muon identification

TS - event connection between
ECC and MRD
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Scintillation Tracker

Ax Distribution

niries.

~..cii | Conceptual design

Mean -0.004575 = 0.001026
Sigma 01628 + 0.0007

|
[0=1.63mm|]

Emulsion Cloud Chamber

Position resolution is improved Muon Range Detector
by using hit/unhit combination. i e A 1
> ~1.7mm position resolution Axfom] .
ES->ST: 10 nsec level time stamp \_\ v

Event Rate of the NINJA Tracker (Physics Run a-1)

W 08 %2/ ndf 44.25 / 41 p
5 = Prob 0.336
S 0.88 = Total POT: 2.650e+20 I S Event Rate 0.7947 + 0.001742
= =
w 0.86 [ — ] i1 i
E [—
z 0.84 =
5 082 - T
] .
@
= \
g

S ol Rie STRRRRRN S RN= T0). -
________ i ] Time Stamper 7

Or Scintillation Tracker/
Emulsion Shifter)

S EE S E s TccS==Sc88ddadd S s S S8 55S3S5353553 5

Physics Run a-2)

0.9 — %2/ ndf 31.83/28
= Prob 0.2813
0.88 '|__Event Rate 0.7843 £ 0.001932

ECC- event analysis

MRD—-> muon identification

, ; TS = event connection between
| T | ECC and MRD

#of events/10™ protons

mmmmmmmm
oooooooo



Baby MIND

MRD for T2K-WAGASCI project
- 33 Magnet Modules (1.5T)

- 18 Detector Modules
Detection efficiency >97%
Charge identification eff > 90%
Momentum resolusion~10%

=2 NINJA-WAGASCI hybrid plan
We (NINJA) can use Baby MIND for MRD.

p*/u- separation 2 v,/ v , separation

Baby MIND

Conceptual design

Emulsion Cloud Chamber
Muon Range Detector

Side View Top View

il Ui o I 7‘_
i ﬂ Baby-MIND g T A A A A Time Stamper
[t | |‘ |‘ ||\‘|| |‘ |‘ || “ |‘ |‘ ‘% r N || r t|| (SCintiIIation Tracker/
””WHHW il |:|: I |: iy |: | :|: Emulsion Shifter)
L - e a0 o atal i ot i e (e
\ (R — O A0t 0 g e
A 1l | I i MM ﬁw { {F 1 |: | :|: ECC- event analysis
WAL L0 By 8 o it | fMRD = muon identification
NINJA Tracke TS = event connection between

ECC and MRD

Sand muon events



Neutrino candidate events in NIN]A51

- No Track in PM. Preliminary ~ Side View
 Hit at NINJA Tracker : :
« Track in BM by E?E ’ b
Preliminary Side View | } B by MIND
| ?
b
_ | %g |
| i <} | (L
& P ’ "
t il 5 *
r [
-
v... ofl i i NINJA Tracker : ¢ r
4
Blue color hitin BM is same
bunch of NINJA Tracker hit.

(Color in NJ is only red)
(Color in PM, BM is shown as
each bunch in a spill.)




52

!
s NINJA * Expected outcomes
AI\\/Ir(])?r:Z:tlusrr:l measurement : A P e )

Number of events Already applied i angle acceptance

Range,Multiple Coulomb Scattering in ECC | @ waterarset 19107500 and proton detection threshold
Range 1y Baby MIND (only for “) . Muon momentum Muon angle

dE/dx measurement : B YN T W CCQE
Blackness of tracks in ECC . :%?ét.uther
MID : Baby MIND |- | |
> (Double)differential
CIOSS Section measurement T

| WG | W CCQE
CC 0 x1p event (CCQE enriched events) . = Coother . NN
Number of events Already applied p angle r O » w3 B "
OA>60° ,CA>150° = . s Essmamrnninis _;,__A“meu

i | ; j P,(GeV/c) cos @
Muon momentum Proton-Proton opening angle

=c2:C2c|llE 2 . :gczth
P P ' P
| = CC other el B CC other

Protonangle S

Not only proton but also pion will be
measured with low energy threshold.

P,(GeVic)
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Schedule (E71)

Totally >1.0x1.0%* pot @ 2 times exposure (E7la, b)

=W el (@ ABXd V2 ;)()!) Qur firse Prysies R

2020: =mulsion il seznnine | 20205 Ernulsion il sezirrire)

Tirne sl oirie) INNEStANPING
NG USIVENMEaSUEMENT: EXCIUSIVEN EaSUEMENRT:

AR L (\/\/QSJ 2_,()2}]) ‘J'J'J‘)
200225 '/, meEsrensne

Syl < SUMIMEZNG!

EZAB willfbe started from 2022 aiter J-PARC
(FO5 X0 pot)

celerator upgrade

;1\
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Summary

Precise neutrino-water interactions is important for future
neutrino oscillation analysis. (especially, 2p2h and v ,)

We are performing a neutrino experiments at J-PARC to
study low energy neutrino - nucleus interactions by
introducing nuclear emulsion (NINJA Experiment).

Neutrino beam exposure for our first Physics Run (E71a)
was completed in the middle of this Feb.

We also plan to implement second Physics Run (E71b).
We will start emulsion analysis soon.

Discussion about contribution with nuclear emulsion for
future neutrino physics is very welcome for us.



